Until recently, the synaptic transmission and excitatory amino acid transporters activation of neurons are very well discussed in the previous studies and are considered to be the two distinct features of Synapse. It is also found that a large number of interactions take place in the domain of ionic exchanges and protein interactions in synapses. It is evolutionary to have destined to release of Neurotransmitters to conduct an impulse to the other consecutive neurons, which forms the most important characteristic of synapse. From the popular perspective, it has been identified that detailed theoretical closer correlation of data produced through various studies about synapse can unravel many mysteries related to functions of synapse. Hence, this research paper tries to concentrate on a selected group of prominent characteristics and properties of synapse and also highlights some noteworthy discoveries, emphasizing the influential capabilities of them in the thought process and improving the knowledge of the field. It also highlights the expressive properties and forms of synapse brought out through the evidences available in sparse to dense data in a correlational way.
Introduction
It is commonly known that the mossy fiber system (MFBs) is a complex structure morphologically [1] and all the polarized nerve cells communicate via synapse, thus forms the developmental, functional, structural and trophic units of the nervous system [2] . Many known and unknown interactions occur within the central nervous system through synaptic contacts and transports. The study of synapse morphology and characteristics has recently taken under the domain of systems biology and computational biology as it has got the highest increased research interest. In this paper, the following subsections cover the knowledge on morphology and functions, along with certain other features like signal transmission and synaptic proteins. It has been a long term goal for many researchers to investigate neural and brain architecture and function to find appropriate reasons for many mental disorders, as there is a lack of deep information regarding the above mentioned topics. Hence, the purpose of the paper is to provide a crisp and combined information of neuron synapse which is being pulled out from the available resources till today. This even handy information will help to indicate other properties such as synapse connectivity, synapse formation, synapse gap, transmission of signals via synapse and the role of some proteins in the synapse region and various disfunctions. Nevertheless even with these information, several other studies are required to take advantage of more diversified information on neuron synapse.
Introduction on Synapse
The synapse is a multi point interface that allows the electrical and chemical signal to pass from one neuron cell to the next cell. The synapse plays a key role in information processing in the nervous system that underlies many neurobiological processes including neurotransmission, learning and memory [3] . It has got the good machinery of linking two membranes together and passing signals between the cells and also there are distinct parts which emerge out to show that there are lots more strategies involved in the functioning of synapse. The formation of memories and the acquisition of new behaviors are thought to occur through the activity dependant regulation of synaptic connections in the brain [4] . Moreover while considering synapse as a unit, the first thing that strikes is the presence of the two major regions that are distinctively present with presynaptic and postsynaptic properties. It also involves the characteristic nature of synapse's ability to pass both chemical and electrical signal. The mechanism of the protein interaction and the release of neurotransmitter are considered as a fable and the information related studies are vast and diverse.
Relative Findings
Memory is one of the critical interest factors as far as brain properties are concerned. It can be dealt with starting from the superstars of clustered regions like Hippocampus, to the threads of single neuron and finally the proteins and its folding with ionization characteristics. Through the earlier studies and findings, enormous information has been brought out about the synapse origin and its functions including the perspective aspects of the formation of memory and the activity dependant regulation of synapse connections. However, certain readings say that the formation of memories and the acquisition of new behaviors are thought to occur through the activity dependant regulation of synaptic connections in the brain [4] . It is also found that the nearest neighbor distance favors the crosstalk of synapse and observed the distance between the presynapse and postsynapse in adults as 0.48 µm in MFBs [1] . In hippocampus MFBs, the plasticity of synapse is controlled by Munc 13 -2 and hence it plays an important role in normal release probabilities [5] . The substantial evidence shows that the long term synaptic plasticity depends on the synthesis of proteins and also the inherent maintenance and modification of synapse enables long long-term memory [6] . As proteins play markable role in neurons, the unfolding of proteins can cause some disorders and may lead to certain mental disorders. The study of FMR1 (Fragile X Mental retardation 1) prone protein indicates that it accelerates the formation of proteins in the synapse and its low carbon content leads to disorder and therefore results in mental disorder [7] .
In the recent past, the author [8] proposed that the presynaptic muting is induced by calcium independant inhibitory G-protein signaling. On the basis of neural circuits, the observation of adaptive presynaptic silencing indicates that it functions over a range of physiological conditions [9] . Similarly the author [10] noted some evidence on presynaptic silencing based on cAMP signaling. These findings hint at the possibility that prolonged cAMP signaling create presynaptic silencing. Though, the study reveals the cause for presynaptic silencing, does the existence of presynaptic silencing induce any functional mechanisms? But it is clear that there is inadequate information on induction and expression mechanisms of presynaptic silencing [11] [12] [13] . Furthermore, intense theoretical and in vitro studies can unravel the difficulties in understanding the neural circuits. For this reason some of the qualitative researches have been analyzed to provide a novel outlook in a fair and evenhanded way.
Synapse Formation
The neuron doctrine started in the 19th century and later hit many new discoveries along with the introduction of neuronal networks. It led to neuron mapping, whereas the previous findings provided the platform to identify the molecular changes in the brain and bring up the revolutions in the corresponding field. It was Santiago Ramon Y. Cajal (1852-1934) [14] who suggested that the neuron was the anatomical and functional unit of the nervous system, and it is largely because of his work that the Neuron Doctrine eventually got accepted. Cajal was an outstanding neuroanatomist who is regarded as the father of modern neuroscience. He made many contributions to our understanding of the organization of the nervous system. The structural information and the parts of neuron are well known now but still there are several questions like how the transformation of signals from one cell to another cell take place and the communication between them get established. There are evidences of the fact that the postsynaptic density contains high concentrations of cell adhesion molecules, neurotransmitter receptors, ion channels, and signal transduction proteins and the occurrence of the synaptic gap [15] [16] [17] . For now, there were no clear closures on synaptic gap and also on the communication of nerve cells. Arguments still continue on the same topic but as of now we know that there is a gap between the nerve cells and that contains the secrets of information transduction, which was apparently stressed by Cajal and other scientists. Viewed as a whole the human nervous system is primarily concerned with the processing of sensory input or with the execution of motor output which is a physical action.
The formation of synapse is found to be accompanied with the modifications of actin cytoskeleton. The author [18] in his reference says that the polymerization and organization of actin into complex superstructures, includeing those found in dendritic spines are indispensable for the structure and function of neuronal networks. Furthermore it is clear that the morphological changes depend on the kinetics of major structural component of the postsynapse which is actin cytoskeleton [19] [20] [21] . The modification of proteins has become a vast subject which is accompanied by many unknown interactions. So far the invention has supplied us with basic resources to find unknown mechanisms.
The author [18] said that the over expression of the two Abp1 [Filamentous actin (F-actin) binding protein] F-actin-binding domains increases the length of thin, filopodia-like and mushroom-type spines but dramatically reduces mushroom spine density, attributable to lack of the Abp1 Src homology 3 (SH3) domain. In contrast, overexpression of full length Abp 1 increases mushroom spine and synapse density. In fact this has been analyzed after doing staining techniques and also with high microscopic and quantitative analyzes. He himself demonstrates experimentally that Abp1 mediated effects on spine head and synapse formation depend on ProSaps (proline rich-Synapse associated proteins). For the experiment, he used RNAi-mediated Knockdown of ProSAP2 [22] . On the whole when we think about the formation of synapse, it has been apparently known that Abp1 executes the spine head and synapse formation.
The Author [18] concludes with effective information. The protein modification is another complex topic in which unknown interaction occurs but it plays a major role in the formation and function of synapse. Though the experimental techniques are cost effective, the Author has justified his work with the valid results. Here, a hope of positive indication is derived and it helps to hold on a rope to further inventions that make evolutionary effect. At this instance it is important to hunt the truth behind synapse and to analyze what exactly is happening in synapse. In particular, there are several cellular and molecular processes control the formation, function and remodeling of chemical synapse (see review of [23] )
Recent advancements show the formation of synapse enabled by lithium. It induced the formation of synapse via inositol depletion and subsequent down regulation of the phophoinositide signaling cascade in the hippocampus region [24] . In case of previous Research, it shows that Glial cells participate in the synapse formation and it can detect neuronal activity and transform synaptic function, as well as endorse synapse formation, repair, and stabilization [25] [26] [27] [28] [29] [30] .
Synapse Connectivity
Most of the recent studies focus on faster and more prevalent synaptic connections as the information is also sparse. The excitatory neurons on cerebral cortex when compared with MFBs are found to connect with the dendritic spines and the reason; more axo-dendritic connections were observed and named as potential synapses [31] [32] [33] . Determining which of the strategies signify the connectivity pattern is found to be difficult as more factors are irresolute. Generally excitatory connectivity depend upon the neuron morphology and the recent study tried to get the different connectivity patterns by converting potential synapses into actual within the stipulated area [34] . To the interest, the author [34] also says that the cells decide the synaptic connections with the neighboring synapse and the cells that are compatible synaptically will endeavor converting potential synapse into actual and facilitate multiple connections.
The second factor influences the synaptic connectivity is the ability to cooperate and the connection strength between the positively correlated neurons after spine maturation [35] [36] [37] [38] . Indeed, it takes place when the synapse is electrically activated. Henceforth, the potential synapses abide some molecular activity and some activity dependant rules [35] . Thus, the synaptic connectivity appears to be induced by the external outgrowth which is again directed by the pre and postsynaptic activity of the neuron within the predetermined area of the brain [39, 40] . Recalling the earlier discussion, the Intercortical and intracortical connections depend on synapse potentiation and specifically intracortical connections are found to have ten release sites. Subsequently the connection mechanism between different types of neurons and connection specific connections are still being indefinite [41] .
Searching for biologically more relevant conformation on synaptic connectivity is still in progress and the very recent research compares the amplitudes of action potential dependant spontaneous synaptic currents with the amplitude of the synaptic currents that are free of action potentials to analyze the average connectivity of potential synapse against a postsynaptic neuron [42] . It is also been derived that GABAergic interneurons and the pyramidal cells shows equivalent development of GABAergic connectivity but differs with glutamatergic connectivity in the recent research by the author [42] . This portion of research seemingly poses great challenge for the researchers and has surprisingly large effect on neuron investigations based on mental complications.
Short History on Synapse Gap
Synapse gap is still remaining as an unconvinced subject and there are arguments about synapse gap till today among the scientists. With reference to the available resources, it has been already proven that there is a synaptic gap [43] and it is summarized in the earlier discoveries by the author [44] about the synaptic structure and the neuron doctrine. In his reference he said the author [45] did research on axon and its branches where it connected to one or more synaptic terminals and also might have observed the synaptic gap as the second system of axon. However it also made us to think on this particular aspect and it is agreeable that [45] might have thought the continuation of axon; he wouldn't have noticed the discontinuity there which called as synaptic gap. It is clearly understood that it has been a tough task to come to a conclusion under light microscopic studies which evoke in some misunderstandings between scientists. It is very clear to predict this apparently as we understand the mossy fiber system and the complexity in predicting the structure of synapse gap. Before we conclude with any previous inventions, we should walk a mile in their shoes to get a catch with the history.
The Author [46] is the one to describe the synaptic gap as the second system of axon and it is also been observed that this issue is one of the most captivating for decades [44, 47] . It is illustrated that [45, 46] tried to work on all components of the cell to show the neural processing and the author's [48] work focused on partial staining of the nerve cell which was not done formerly and he could observe the discontinuity of free ending axons. To the surprise, these free terminating axons indicates the presence of synaptic gap using silver staining methods but he didn't speak about synapse gap instead he said the axons fuses to form a reticulum. The author [48] is one of the very old leading scientists to throw a vision on neuron doctrine and in particular in view of the renewed international interest with exciting research methodologies. Later Cajal (1954) [14] proposed a neuron theory based on Golgi methods and he is the one to describe on synaptic gap between the axon terminal and the dendrites. The author [49] found the intercellular grey matter which has integrated with many cellular functions [50] . The current research shows the adhesion of various molecules in the presynapse and the postsynapse which are likely to be involved in synapse formation. The NGL-3 (Netrin G Ligand-3) that found in the postsynapse adheres with the presynaptic LAR (leukocyte antigen related) family proteins and thus regulates the formation of synapse bidirectionally [51] .
By promoting electrical and biochemical coupling between the neurons, the synaptic junction accelerates the development of neural circuits and favors potentiation of synapse [52] [53] [54] [55] [56] .
Synapse Stability
Once the signal passes, the transmission occurs via synapse to reach the other cell. The receptors are the recognition site in the post synapse and these are among the first molecules to accumulate at sites of nascent synapses [57] . This process is similar to molecular docking but here the neurotransmitters are the one to bind to the receptors. It is believed that many forms of activity dependant regulation of synapses, established in vitro and in vivo require activation of NMDA-type glutamate receptors (NMDARs) [58] [59] [60] . These receptors play a main role in LTD (Long Term Depression) and LTP (Long Term Potentiation). It is found that in immature synapses the induction of NMDARs-dependant results in long term potentiation [61, 62] and in mature synapses it is seen as the removal of AMPARs after the induction of NMDARdependant long term depression [63, 64] . Henceforth it has been very clear that NMDAR, by regulating LTD and LTP induction, control the maturation and stabilization of synapses over longer time scales [65] . There is voluminous information given by the Author and a peer group of more than hundred eminent scientists are working on synapse functions. Figure 1 gives the general view of synapse and its components and the release of neurotransmitters from the vesicle diffuses through the cell membrane which is attached to the receptors in signal propagation.
Transmission of Signals
Sudden changes in the ionic concentrations induce ion channels to intake sodium ions. This brings the change in the ionic gradients around the cell membrane and the impulsion transferred downwards from the dendrites to synapses and these impulses are referred as signals. The previous studies [66] shows that the presynaptic nerve terminals and the postsynaptic target cells signals to each other as they establish precisely aligned synaptic specializations. It's a question how this signal transmission occurs within a network of neurons and how does it reaches the target neuron. It can be answered on predicting the behavior of these signals when they propagate through complex neuron network. Earlier studies reveal that there are some specific signaling pathways through which Signals has been transferred and it is been distinguished after the introduction of the signaling through the second messengers and the intracellular pathways. It has taken more than three decades to find the measurements of changes in cytosolic cAMP and free Ca 2+ concentrations [67] .
Cellular signaling is a huge complex network and the signaling pathways carry and process information between the networks and exhibit bodily actions. There can be many inputs of information such as summation and temporal integration during the propagation of signals. It is apparent that the release of neurotransmitters in to the cleft propagates the signal transmission. The reuptake of neurotransmitter, in this case its glutamate in MFBs is carried out with the help of glutamate transporters [68, 69] ). The signal transmission follows specific pathways to reach the target. Recently the development of computational simulations can resolve the complexity in understanding the signal propagation as they consider all motifs as nodes and there have been emerged many simulation tools to analyze signal propagation. Generally Mossy Fiber synapses considered as strong synapses. It is observed in generating high postsynaptic currents and potentials in CA3 pyramidal neurons and interneurons [70, 71] . Synaptic transmission is observed to depend mainly on the active zones, where the release of transmitters takes place and it is observed mainly within the puncta adherentia, putative adhesion complexes. It is also understood that the distance between the active zones provoke the fast transmission of signals and the efficacy of the synapses is directly proportional to the synaptic vesicles. In adult it is approximately 900 vesicles located within the 60 nm from the active zone which was observed from the quantitative analyzes by the author [1] . It is clearly represented in Figure 2 , it shows the mean number of synaptic vesicles within the active zone. For more information related to efficacy of synapse (see review of [72] ).
Amongst the various reasons, the major cause for signal transmission is the release of neurotransmitters. It mainly depends on the flow of ca 2+ ions in to the presynaptic region through ca 2+ ion channels. The distance between the ca 2+ channels and the sensor triggers the breakdown of vesicles, ultimately transfer the signals. Other important factors like buffering kinetics of ca 2+ and the number of docked and primed vesicles are also plays an important role in the release of neurotransmitters [73] . There are cases where the retrograde signaling takes place in synapses [74] .
Synapse Proteins
The multiple functions of the synapse depend on molecular interaction that guided through synaptic proteins. The analysis of multivariate proteins involved in synaptic connections is an ongoing endeavor in proteomics. The protein database facilitates the collection of information about synaptic proteins. It is comprised of protein structure, function, interaction, pathways and expression (SynDB, http://syndb.cbi.pku.edu.cn) [75] . There exist some uncovered proteins which were detected after the year 2006 till today. Probably that might have attained much importance in recent research in neuroscience. The protein modulations and the derived functions of different synapses are listed in the table ( Table 1) . Almost all protein interactions results in specific function like the interaction of dentate gyrus and CA3 morphologically different regions influences the information processing in hippocampas region which involve series of protein interactions [76] [77] [78] .
On the other hand degradation of proteins acts as a modulator of synaptic physiology [79] [80] [81] . The degradation process streams down through selective pathway named Ubiquitin Proteasome System (UPS). The UPS controls the half life and the activity state of protein by linking the proteins with ubiquitin through enzytmatic activities [82] . Other than degradation of proteins, the UPS inhibition found to raise the release of neurotransmitters in mammals. In fact it is proved that it takes part in the regulation of synaptic transmission [83] .
Improved Outlook on Synapse
Determining the biologically more relevant conformation about synapse function is still difficult for two main factors that are electrical and chemical transmission. It is believed to be controlled by membrane potential [102] . One of the most answerable questions is, whether the electrical transmission takes place in the absence of chemical transmission or both electrical and chemical transmission occurs simultaneously. For this query, the more comprehending salvation is proposed by the author [103] . In his study, he reveals that electrical synapses arise before chemical synaptogenesis. Henceforth, it cannot be assumed that the transmission patterns will be sufficiently similar to extrapolate from one neuron to another as it is controlled by membrane potential [104] . On the whole the underlying mechanisms for synaptic transmission is quiet out of the ordinary facts, in particular the controlling mechanism of interneuron synaptic plasticity which is based on induction and polarity [105] . Another rare findings appeal that the short term and long term plasticity are target cell specific and also it emphasis that it rely on phenotypic properties of the interneuron especially in receiving the input signals from the neighboring cell [106, 107] . As controversy proceeds on synapse transmission, it is evident that astrocytes regulate synaptic transmission by interacting with neurons. In recent times, an extensive research tried to experiment the role of gap junction proteins connexin 30 and connexin 40 in synaptic physiology. They extend the work by blocking the activities of connexin 30 and connexin 40 genes, thus evolved that there is a delay in synaptic transmission in CA1 pyramidal neurons and affirmed that connexins than any other proteins play equally important role in synaptic plasticity. It also stressed that the role of astrocytes in chemical synapses which is truly based on the modulation of astroglial clearance rate and ultimately controls the neuron excitation, neurotransmitter release, postsynaptic receptors, potassium ion removal from the extracellular matrix and the silencing synapses [108] . As with other important factors that simulate the synapse potentiation, the ERK1/2 signaling plays a vital role in long term potentiation in hippocampal neurons [109] . Some factors do appear to elicit synaptic transmission. The high degree of receptor activation was found to be mediated by endocannabinoids especially in retrograde signaling system in the brain [110] . There also observed hyperactive interneurons associated with the increase of potassium ions from 2.5 to 10 mM in the extracellular matrix [111] . Finally, the laboratory experiment demonstrates that the increase of potassium ions in the extracellular matrix activates GABA receptors in the postsynapse of CA3 pyramidal neurons [112] .
Common View on Synapse Today
Other than classical synapses, some group of neurons communicates in an unusual way. It is observed that neurogliaform cells inhibit the transmission of signals to the neighboring cortical neuron with GABA neurotransmitters. In this case, it is a revelation as there are no synapses involved in this transmission and it is purely by chemical transmission [113] . Upcoming research targets neuronal polarity because of its role in brain disorders. As a result, involvement of gene in the synaptic defects has been identified. Therefore, in existing neurons, these genetic evidence studies reveal that the level of phosphoionositides (PIP2) control the neuronal polarity which inturn controlled by the enzyme myo-inositol monophosphatase (IMPase) and thus believed to promote polarized synaptic components [114] . In glutamatergic synapses, excitatory amino acid transporters (EAATs) regulate AMPA receptor (AMPAR) accumulation in the postsynapse and the synaptic efficacy depend on the AMPAR accumulation. If EAAT fail to function, glutamate disseminates in to the synaptic cleft and get bind to the NMDA receptor (NMDAR) [115] . The mechanism by the EAAT affects the AMPAR localization in synapse is questionable. For this reason the resources are becoming fewer and the difficulty and the complexities in understanding the activation of AMPARs produce a delay in the report of data in the particular field.
Discussion
The Synapse and its function are intricately entangled with the neuron function and signal propagation. Researchers are yet to work for many years by being far apart in silos achieved less to form a hypothesis about the functions of brain and the model of neuron connections to realize the signal transmission between them. Now with technology advancements, it is easy to learn several phenomena within the broad restraint of neuroscience. This review correlates several well defined proteins and functions of synapse. It is not projecting the fact that synapse and related fields have been studied in an extraordinary way to recreate memory and learning. In fact, the potential of this work lies in identifying certain hitherto, explored evidences and project it for further evaluations and cross correlations for better perception of this field.
The science of neurons is still a new and developing area which calls for a special educational domain as Neuron Science rather than the conventional psychology embedded Neuroscience. It must deal with very fast fields like Electronics, Electrochemical, Chemical and Protein Dynamics for information encoding and decoding. The initiative behind this work focusing on the synapse formation and the signal transmission is to create certain perspectives. It gives a correlative presentation of properties to the certain extent based on the latest achievements in the field. Hence it is not covering certain earlier studies, but it positioned itself to cover recent expositions of synapse. It mainly highlights synapse formation with the actin binding protein as it increases the synaptic density, the long term potentiation and the long term depression which maintains the synaptic stability, the specialized pathways in neuronal network, and the receptor binding sites. The basic mechanism is mediating between the presynaptic and the postsynaptic region and gives well perceptive on synaptic functions. On the whole, the author [116] rationalizes his work by presenting a review on neuron doctrine which is an eminent effort to trespass the past history on neuroscience and perhaps helped this writing more meaningful.
Conclusion
The study attempts to present a more recent uniform assessment of synapse region which is predominantly the most valuable one in a neuron. Most of the Neuroscience studies and inventions really originated from the scree-ning of early studies. The synapse formation involves many protein interactions and the modification of actin cytoskeleton elements. The synapse density is found to rely much on the actin binding protein which can provide further knowledge on the formation of synapse. The lack of standardization in assay procedures particularly on synaptic properties is highlighted here as a priority concern. Testing the hypothesis with experimental techniques is fundamentally complicated. For that reason, this review paper confers on previous eminent works on neuron synapse. It is possible to reach much deeper understanding of neuronal capabilities and clustering with significant improvements by applying new technologies and incorporating challenging computer simulations.
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